The efficacy of ultrasound, with and without water spray, was evaluated in vitro on the amount of force necessary to dislodge posts cemented with resin or zinc phosphate. Forty-two samples were divided into six groups: groups 1, 2, and 3, posts cemented with zinc phosphate; groups 4, 5, and 6, posts cemented with resin (Panavia F); groups 1 and 4 (controls), no ultrasound; groups 2 and 5, ultrasound without water spray; and groups 3 and 6, ultrasound with water spray. The Instron testing machine was used. Ultrasound without water spray significantly reduced (71%) the force necessary to displace posts cemented with Panavia F (p < 0.01); however, this value was similar to the efficacy of ultrasound with water spray for posts cemented with zinc phosphate (reduction of 75%). We conclude that cooling with ultrasound interferes with the force necessary for post removal, depending on the type of cement used.
Endodontic retreatment of teeth with posts presents a great challenge to the clinician; post removal is necessary and there must be no excessive wearing of the surrounding dentin because of the risk of root perforation. Many techniques and instruments are advocated for post removal. Some authors remove the post by gripping and pulling with such instruments as the pivots-extracting forceps post extractor (1, 2) , the post puller (3), the Gonon extractor (4), the Masserann technique (5) , and special forceps and hemostats. Other techniques use rotary instruments (wearing technique) and ultrasound alone or in combination with other techniques (6, 7) .
The efficacy of ultrasonic vibration in removing posts cemented with zinc phosphate is already known. However, there is little research regarding the efficacy of ultrasound in removing posts fixed with resin cements. According to Nahmias (8) and Gomes et al. (9) , posts fixed with resin cements are resistant to ultrasonic vibration.
Resin cements have been indicated for fixing metallic elements because of their superior performance in adhesion tests and reduction of coronal microleakage (10). Despite these desirable characteristics, clinicians who use resin cements must be aware of the difficulty in their removal from the root canal if necessary (11) . The use of heat as an auxiliary aid to remove posts fixed with resin cements has been suggested (9) . Water spray is a common technique to minimize heat generation during application of ultrasonic forces. However, there is a gap in knowledge about whether water spray and ultrasonic forces interact to alter the force required for removal of resin-cemented posts.
Thus, the objective of the present research was to evaluate in vitro the ultrasonic vibration efficacy, with and without water spray cooling, on the reduction of force necessary to dislodge die cast posts cemented with resin cement versus those cemented with a zinc phosphate cement.
MATERIAL AND METHODS
A total of 42 maxillary human canines were selected according to the shape and length of the roots (single canal and straight root, approximately 15 mm in length). These teeth were sectioned transversally near the cementoenamel junction with carborundum discs with water spray cooling. After sectioning, all roots were 13 mm long. Samples were embedded in acrylic resin using a rectangular aluminum mold and kept in a hermetically sealed container with distilled water throughout the experiment.
The root canals were instrumented to a working length of 12 mm (1 mm from the anatomical apex) with K-files to a #50 (master apical file). Irrigation was performed with 1% sodium hypochlorite between files. Root canals were obturated with gutta-percha points and Sealer AH26 (Dentsply-Brazil, Rio de Janeiro, RJ, Brazil) using the lateral condensation technique. After obturation, the canals were sealed with Coltosol (Vigodent, Rio de Janeiro, RJ, Brazil), and samples were kept in distilled water at 37°C for 7 days. Root canals were subsequently prepared for dowel impression with a number 6 Largo bur (9 mm length, 1.3 mm diameter) to standardize the length and diameter of post preparation. This step was performed with a low-speed handpiece attached to a parallelometer to standardize vertical preparations. Root canal impressions were then taken using chemically activated acrylic resin (Duralay; Reliance Dental, Worth, IL).
Impressions were cast in copper-aluminum alloy (Duracast), and posts received an aluminum oxide blast and were adjusted to the root canals. The post was 8 mm long, and the core was 5 mm. To adapt to the Instron testing machine, an 8-mm ring was attached.
Samples were divided randomly into six groups of seven teeth each. Posts from groups 1, 2, and 3 were fixed with zinc phosphate cement (LS, Vivadent, Rio de Janeiro, RJ, Brazil), and posts from groups 4, 5, and 6 were fixed with resin cement (Panavia F, Kuraray Co. Ltd., Japan). All samples were kept in distilled water at 37°C for 3 weeks before receiving the following treatments:
Group 1: posts fixed with zinc phosphate cement, no ultrasound (control group) Group 2: posts fixed with zinc phosphate cement, ultrasound without water spray Group 3: posts fixed with zinc phosphate cement, ultrasound with water spray Group 4: posts fixed with Panavia F, no ultrasound (control group) Group 5: posts fixed with Panavia F, ultrasound without water spray Group 6: posts fixed with Panavia F, ultrasound with water spray Ultrasound was applied using an ENAC unit (model OE-5, Osada Electric Co. Ltd., Tokyo, Japan) with an ST-09 tip (Osada Electric Co. Ltd.). Samples were stabilized in a bench vise, and the ultrasound unit was set to maximum power and applied for 1 min at buccal, lingual, and proximal surfaces of the post, for a total of 4 min for each sample, controlled with a timer.
The resin blocks were placed in a fixed rectangular base in an Instron testing machine in order to be held secure and minimize lateral forces, maintaining the sample in a vertical position to apply forces parallel to the root axis. The posts were submitted to increasing traction forces (0.5 mm/min) until their displacement from the root. The maximum force in kilonewtons (kN) was recorded and submitted to statistical analysis with analysis of variance and the Tukey test.
RESULTS
The data consisted of 42 numeric values of force (kN) necessary to displace the posts and are shown in Table 1 .
Statistical analysis with analysis of variance showed differences (p Ͻ 0.01) between post extraction techniques and interactions between techniques versus cements. The Tukey test indicated that groups 1ϭ2ϭ4ϭ6 groups 3ϭ5.
In groups in which posts were cemented with Panavia F, ultrasonic vibration without water spray reduced the traction force necessary to remove the post by 71%. This value was statistically different (p Ͻ 0.01) from values obtained in the control group and in groups in which water spray cooling was used. These last two groups were statistically similar.
On the other hand, among the groups cemented with zinc phosphate cement, ultrasonic vibration with water spray reduced the traction force necessary to dislodge the post by 75%. This value was statistically different (p Ͻ 0.01) from values obtained in the control group and in groups in which water spray cooling was not used. These last two groups were statistically similar. Fig. 1 shows the force necessary to extract the posts.
DISCUSSION
The oscillatory movements of ultrasound propagate along the tips used and are transferred to the post to break the interface between the post and the canal walls, dislodging the post or minimizing the forces necessary to achieve this goal. Ultrasound is considered the safest and most efficient technique because it saves time, there is minimal wearing of tooth structure, there is a low risk of fracture or perforation, and the technique is applicable to all teeth (12) .
The results obtained in this study demonstrated that in groups in which the posts were fixed with zinc phosphate, ultrasound applied with water spray cooling (group 3) reduced the traction force necessary to extract posts by 75% when compared with the control group (group 1). However, ultrasonic vibration without water spray (group 2) did not produce the same results, with no statistical differences between this group and the control group. Berbert et al. (13) observed that the forces necessary to remove posts that received ultrasonic vibrations were, on average, 30% to 35% lower than those of the control group, which did not receive ultrasonic vibrations. In the present study, the ultrasound reduced the force necessary to extract the posts by as much as 75%. However, the ultrasound device used by Berbert et al. (13) was the magnetostrictive kind, which converts magnetic energy into mechanical. This is not an efficient transformation, leading to reduced ultrasonic energy. The device used in the present experiment was piezoelectric, which converts electric energy into mechanical without the loss of energy, and consequently, with constant ultrasound frequency.
Gomes et al. (9) , using a piezoelectric ultrasound device for 10 min, were able to reduce the force necessary to extract the posts by 39% when compared with the control group, a value less than that of the present study (75%). It is worthwhile to note that the maximum frequency of the device used by Gomes et al. (9) was 29 kHz, which is less than the ENAC ultrasound used in the present research (more than 30 kHz). It is also important that Gomes et al. (9) used the ultrasonic tip at the incisal edge and the tooth-core interface, whereas the present study used the tip on the buccal, lingual, and proximal surfaces. It is possible that either factor contributed to the differences between these studies.
The low resistance to traction, compared with its high resistance to compression forces, places the zinc phosphate cement in the friable materials category (14) . The ultrasonic vibration was efficient in posts fixed with zinc phosphate cement because the mechanical impact of the ultrasound was transferred to the post, probably breaking the luting layer between the post and the canal walls, minimizing the force necessary to dislodge the post. Water spray must also be considered because it affects the solubility of zinc phosphate cement (14) , particularly with continuous application of the water stream, thus promoting the solubility of the cement. The inefficacy of ultrasound without water spray on posts cemented with zinc phosphate is probably related to the low thermal expansion values for this luting agent, which does not compromise its physicochemical properties by increasing temperature (14, 15) . The absence of cooling allows the ultrasound to generate mainly thermal energy instead of mechanical energy, which is responsible for its efficiency. The results of the present study are in agreement with those of Bergeron et al. (16) , who used an ultrasound device without water spray, failing to achieve success in removing posts fixed with zinc phosphate.
The fact that ultrasonic vibration with water spray did not present statistically significant differences (p Ͼ 0.01) in posts fixed with resin cement (group 6) when compared with the control group (group 4) is in agreement with the findings of Gomes et al. (9) , who demonstrated that ultrasonic vibration is not efficient with resin luting agents. According to Phillips (14) , resin cements are not friable and do not tend to produce microfractures, as is seen with zinc phosphate cements. According to Buoncristiani et al. (17) , resin cements present elasticity values similar to those of plastic materials and tend to absorb the energy transmitted to the post. Among the groups in which posts were fixed using resin cements, ultrasound without water spray (group 5) produced lower traction force values that were statistically different (p Ͻ 0.01) from those of the control group (group 4) (reduction of 71.2%).
The absence of water spray seems to increase the action of ultrasound when applied to posts cemented with resin cements. However, it cannot be stated that ultrasound is efficient on resin cements, because it probably acts indirectly by means of heat production, and not by its movement. Considering the high thermal conductance of metals, the heat generated by the ultrasonic tip and post metallic alloy is easily transmitted to the luting agents. Resins show a high thermal expansion value and thus are susceptible to temperature changes (14, 15) .
Watanable et al. (18) observed that the adhesion capacity of a resin cement reduces gradually with the number of thermal cycles. Thus, with heat, resins expand and compromise their chemical properties of adhesion and, consequently, mechanical retention. This change favors the dislodgment of posts fixed with resin cements, particularly when ultrasonic forces are applied over time (4 min in the present study).
The presence or absence of water spray interferes in the efficacy of ultrasound, depending on the cement, and can reduce the force necessary to extract posts by approximately 73%, increasing the predictability of success. The present research showed that the use of ultrasound without water spray cooling is an efficient technique for removing die cast posts fixed with resin cements, possibly because of the increase in heat. However, the absence of water spray cannot be used clinically, because it is not known whether a 4-min application will produce periodontal injury because of heat. Thus, further research is necessary to confirm alternatives scientifically for the removal of die cast posts fixed with resin cements in a safe and effective manner.
